A simplified system using bacterial insertion sequence IS 911 has been developed to investigate targeted insertion next to DNA sequences resembling IS ends. We show here that these IR-targeted events occur by an unusual mechanism. In the circular IS 911 transposition intermediate the two IRs are abutted to form an IR/IR junction. IR-targeted insertion involves transfer of a single end of the junction to the target IR to generate a branched DNA structure. The singleend transfer (SET) intermediate, but not the final insertion product, can be detected in an in vitro reaction. SET intermediates must be processed by the bacterial host to obtain the final insertion products. Sequence analysis of these IR-targeted insertion products and of those obtained in vivo revealed high levels of DNA sequence conversion in which mutations from one IR were transferred to another. These sequence changes cannot be explained by the classic transposition pathway. A model is presented in which the four-way Holliday-like junction created by SET is processed by host-mediated branch migration, resolution, repair and replication. This pathway resembles those described for processing other branched DNA structures such as stalled replication forks.
Introduction
Several bacterial insertion sequences have been observed occasionally to insert next to sequences resembling their ends (Casadaban et al ., 1981; Olasz et al ., 1997; Wilde et al ., 2002) . We have developed a simplified system using the bacterial insertion sequence IS 911 , a member of the large IS 3 family, to analyse the nature of this type of event. The original isolate of IS 911 was observed to have inserted next to a sequence with strong homology to its ends (Prere et al ., 1990; Polard et al ., 1992 Polard et al ., , 1994 and further studies have shown that this is a relatively frequent event under certain circumstances (Polard et al ., 1992 (Polard et al ., , 1994 Turlan et al ., 2000; Loot et al ., 2002) . The phenomenon is observed both in vivo and in vitro. This has profound implications for genome evolution as it results in the formation of new transposable DNA segments. It is therefore important to understand the mechanism involved.
IS 911 encodes two proteins, the transposase (Tpase) OrfAB, carrying the catalytic domain and, a regulator protein, OrfA. OrfA is the product of the first of two consecutive reading frames, orfA and orfB, while OrfAB is produced as a fusion protein by programmed translational frameshifting between orfA and orfB. IS 911 transposition is a two-step process. The two transposon terminal inverted repeats (IR) are first brought together by OrfAB to generate a nucleoprotein synaptic complex (complex A). Tpase-catalysed recombination between the left (IRL) and right (IRR) ends initially generates a single-strand bridge (Polard and Chandler, 1995) . This structure is then resolved, probably by host functions (Polard et al ., 1996) , to form a closed circular IS copy with abutted IRR and IRL ends. Formation of this IRR/IRL junction creates a strong promoter, p junc , positioned to drive expression of IS 911 proteins (Ton-Hoang et al ., 1998; Duval-Valentin et al ., 2001) . The second step, insertion of the circular IS, involves a second type of synaptic complex (complex B) which includes the target DNA and the highly recombinogenic IRR/IRL junction carried by the IS circle. This complex assures the final insertion in which both transposon ends are cleaved and transferred into the target site (TonHoang et al ., 1999) . OrfA stimulates insertion of the IS 911 circle (Ton-Hoang et al ., 1998) .
IR-targeted insertion of IS 911 reflects an inherent and preferred activity of the IS 911 Tpase. It occurs as a major product when OrfAB drives transposition in the absence of OrfA (Loot et al ., 2002) and was observed after transformation of an Escherichia coli host with intermediates isolated both in vivo or from an in vitro transposition reaction (Loot et al ., 2002) . It also occurred in the presence of OrfA although OrfA principally stimulated non-targeted insertions (Loot et al ., 2002) . IR-targeted insertion was postulated to occur by one of two mechanisms. The first (Fig. 1A) implied a concerted cleavage and strand transfer of the two junction IRs to generate the final insertion product (form III). The alternative model (Fig. 1B) proposed that only one of the two IRs in the junction is cleaved and transferred to generate a branched singleend transfer (SET) intermediate (form II). The SET intermediate would then be processed by the host to form the final IR-targeted insertion product (form III).
The results presented here favour the second model (Fig. 1B) and suggest that the host is capable of taking in charge and resolving SET intermediates. We show that SET intermediates are the predominant species in vitro implying that they are precursors of the insertion products. Furthermore, nucleotide sequence analysis of the insertion products showed that, although their general structure is that expected, the majority of IR-targeted insertions were associated with transfer of DNA sequence differences between two of the three IRs (the donor IR/IR junction and the target IR) implicated. This sequence conversion cannot be explained by current transposition models. To explain it, we propose that SET intermediates form a four-way Holliday junction-like structure which undergoes branch migration prior to resolution of the second strand, repair and replication. In this scheme, the branched SET intermediate could be a potentially lethal structure which is processed by the host in the same way as collapsed or stalled replication forks.
Results

A single active IR in the donor junction is sufficient for IR targeting
To better understand the mechanism of targeted insertion, it was important to define the requirements at the DNA level. To determine whether both IR copies in the donor molecule need to be active for IR targeted insertion, transposon circles with a wild-type IRL/IRR junction or carrying a mutation of the terminal two base pairs in IRL (IRL*) or IRR (IRR*) were produced in vivo and gel purified (Loot et al ., 2002) . Note that the transposon circles are nonreplicative. The IR mutations eliminate OrfAB-catalysed cleavage, and therefore the ability of the end to act as a donor, but do not affect its capacity to act as a target in recombination events (Polard et al ., 1996) . The efficiency of circle insertion was compared using pBST1, a target which contains a single mutated IRL* copy together with an orfA-lacZ gene fusion (Ton-Hoang et al ., 1997; Loot et al ., 2002;  Fig. 2A ). A standard in vitro reaction was carried out with OrfAB alone and the products were used to transform JS238 (MC1061 rec A) with selection for Cm R carried by the transposon circle. The resulting colonies were screened on MacConkey lactose indicator plates, as targeted insertion, where the IRR of the IRL/IRR junction abuts the target IRL*, generates the strong p junc promoter which drives expression of the orfA-lacZ gene fusion (TonHoang et al ., 1998; Duval-Valentin et al ., 2001 ; Fig. 2A) . Note that the resident p IRL promoter partially located in IRL, was too weak to confer a lac + phenotype. The results shown in Fig. 2B revealed that both mutant junctions generate a significant number of Cm R colonies compared with the wild-type circle junction. The percentage of lac + colonies was much higher with IRL*/IRR junctions (93%) than with IRL/IRR junctions (58%). This is undoubtedly due to the insertion orientation imposed by the active IRR in the IRL*/IRR junction in generating p junc . The IRL/IRR* circle junction gave rise to only a low proportion of lac + clones (9.4%) presumably because the IRR* copy cannot act as a donor end in attacking IRL* to generate p junc . Moreover, the number of Cm R colonies obtained with the IRL/IRR* circles was significantly lower than that obtained with the IRL*/IRR circles, implying that IRR is a more efficient donor than IRL.
Although transposition would be expected to be blocked at the level of the SET intermediate, because one of the IRs in the junction is inactive, these results clearly demonstrate that a single Tpase catalysed strand cleavage and transfer is sufficient to generate IR-targeted insertion.
Physical analysis of in vitro reaction products
To identify the transposition intermediates prior to passage through the E. coli host, in vitro reaction products obtained as above were examined by gel electrophoresis and Southern analysis using a probe specific for the transposon circle. When used in conjunction with the IRL*-carrying target plasmid pBST1, circles with a wild-type IRL/IRR junction generated two major forms, I and II (Fig. 3 , lane 2). These forms were characterized in previous in vitro studies using purified transposon circles and a target plasmid devoid of IR sequences (Ton-Hoang et al ., 1997) . Form II results from a single-end cleavage and transfer while form I results from single-end transfer from molecules cleaved at both ends. Circles with IRL*/ IRR or IRL/IRR* junctions did not generate detectable amounts of form I (Fig. 3 , lanes 5 and 7 respectively) because cleavage of the mutated IR was inefficient. In a control experiment in which OrfA was included, wild-type IS circles clearly gave rise to a slower migrating band, form III (Fig. 3 , lane 3) exactly as found in the case of an IR-less target (Ton-Hoang et al ., 1997) . Form III corresponds to the concerted insertion of the transposon circle by double-strand cleavage and double-end transfer. Finally, with OrfAB alone, no form III molecules were detected even with a wild-type IRR/IRL junction in IRtargeted reactions (Fig. 3 , lane 2, 5 and 7) or indeed in non-IR-targeted insertion events (Ton-Hoang et al ., 1997) . These results suggest that the final insertion products are generated from SET (form II) intermediates after transformation of the host strain and that their processing to insertion products does not require OrfAB.
Characterization of the transposition products at the nucleotide sequence level
An indication of a possible SET intermediate resolution mechanism came from sequence analysis of IRR/IRL* junctions generated in previous in vitro insertion experiments (Loot et al ., 2002; Fig. 1A III) . In some cases, the mutated terminal dinucleotide of the target IRL* had reverted to wild type in the insertion product (Loot et al ., 2002) . This is not expected from a classic transposition mechanism. It appeared that further analysis of the transfer of sequence between IRs may shed some light on the mechanism of IR-targeted insertion.
To investigate this in more detail, the DNA sequence of both the IR/IR junction and the distal IR (Fig. 1A III) of several insertion products was determined (Fig. 4) . Note that IRL/IRR* circles generated by attack of IRR* by the wild-type IRL carry an intervening 3 bp derived from the flank of the target IRR* (Fig. 4C and D) while circles with a wild-type IRL/IRR junction are composed of two popu- lations depending on which IR is the attacking IR ( Fig. 4A and B). Ten insertions giving rise to lac + clones (Fig. 2 ) were analysed using a wild-type donor junction and pBST1, which carries the sequence 5 ¢ -CTA-3 ¢ -IRL*, as a target (Fig. 4A ). All lac + insertion products contained the new IRR/IRL* junction and a duplication of the three base pairs flanking the target IRL* at each end of the inserted circle as expected (Prere et al ., 1990) . Surprisingly, in 9 of the 10 cases, the distal IRL had acquired the dinucleotide mutation of the target IRL* (species ii). This high frequency of 'IR conversion' was confirmed using a second target plasmid, pCL14, which carries a different sequence flanking IRL* (5 ¢ -TTC-3 ¢ -IRL*; Fig. 4B ). Because this target plasmid does not carry the orfA-lacZ fusion, five Cm R clones were chosen at random. One proved to be non-IR-targeted (not shown). Three (species iii) carried an IRR/IRL* junction, a distal IRL with the original target IRL* mutation and a three base pair flanking sequence originally found adjacent to the target IRL*. The final clone (species iv), contained an IRL/IRL* junction with a distal IRL* rather than the expected IRR. In this case, conversion extended 14 bp further into the transposon sequence (Fig. 4B) . Further evidence of sequence conversion was obtained from the use of donor transposon circles carrying an IRL/IRR* junction. Four lac + clones (Fig. 2) were analysed (Fig. 4C ). Two were found to carry an IRR*/IRL* junction where the intervening 3 bp were those found in the original circle junction (species v). In both cases, the distal IRL was flanked by the 3 bp originally flanking the target IRL*. In the two remaining cases (species vi and vii), the mutant target IRL* had reverted to the wild-type IRL and the intervening 3 bp were from the original circle junction. However, in one (species vi) the distal IRL carried the terminal dinucleotide mutation (IRL*) while in the other (species vii) the distal IRL had a wild-type sequence. In both cases the distal IRL was flanked by the 3 bp originally flanking the target IRL* (Fig. 4C) . Note that events generating v, vi, vii were rare. They were selected from 550 (9.4%) lac + colonies compared with the 18 000 (93%) obtained with the IRL*/IRR donor (Fig. 2B) . The majority of insertions using the IRL/ IRR* donor presumably used the wild-type IRL of the IR junction. As with the pBST1 target, the IRL/IRR* donor was also significantly less efficient than the IRL*/IRR donor when using pCL14 as a target (data not shown). For three of the rare IRL/IRR* generated clones isolated using pCL14, as a target (Fig. 4D) , two (species ix) were identical in structure to species v (Fig. 4C) . A third (species viii) was observed not only to have three copies of IRL but, as for species iv, conversion extended within the transposon sequence.
Sequence analysis of insertion products obtained in vivo
Because the insertions analysed were initially obtained from an in vitro reaction after transformation, it seemed possible that the phenomenon of 'IR conversion' might be an artefact of the in vitro manipulations. However, OrfABmediated targeting also occurs in vivo (Loot et al ., 2002) . We therefore analysed insertions obtained in vivo using pCL21 and pBST1 as donor and target plasmids as previously described (Loot et al., 2002) . Plasmid pCL21 carries both an artificial transposon with a Cm resistance gene and orfAB under control of the p lac promoter. Induction of OrfAB results in formation of a transposon circle and its insertion into pBST1 (Fig. 5A) . Plasmid DNA was isolated after induction, digested with a suitable restriction enzyme to destroy the donor plasmid and used to transform JS238. Insertions were scored as Cm R lac + colonies (Loot et al., 2002) . The nucleotide sequence of the distal end of several targeted insertions obtained in this in vivo system was determined (Fig. 5B ). In the six clones analysed, the distal IRL copy was found to have acquired the 2 bp mutation from the target IRL* and was Together, these results show that IR-targeted insertions are accompanied by high levels of 'IR conversion' which can extend for some distance within the transposon (species iv and viii). This observation is difficult to reconcile with a simple transposition model in which both IRs in the donor IR/IR junction are used in OrfAB-mediated insertion. Rather, it supports a model in which only one donor end is cleaved and transferred to the target end. Thus IS911 IR-targeted insertion is initiated by a transposition mechanism and the resulting SET intermediate (form II) is subsequently processed and resolved by the host to generate the final insertion product. Completion of the insertion event therefore presumably depends intimately on host cell functions.
Discussion
In the experiments described here we have developed a relatively simple system to analyse IS end-targeted transposition events in more detail. This system uses a junction composed of abutted copies of IRR and IRL and the OrfAB transposase. IR-targeted insertion of IS911 is shown to derive largely from single-ended transposition. We demonstrate that only a single active end is required for targeted insertion implying that IS911 Tpase-mediated strand cleavage and transfer at the second IR in the IRR/ IRL junction is not necessary. Moreover, the absence of detectable concerted insertion products, and the appearance of single-end transfer (SET) products in vitro (Fig. 3) suggest that the SET molecules are intermediates in IRtargeted insertion.
The occurrence of exceptionally high levels of sequence conversion accompanying IR-targeted insertion after transformation of both in vivo and in vitro generated intermediates (Figs 4 and 5) provides an important clue to the mechanism of IR-targeted insertion.
A model for single-end transfer and sequence conversion
The model presented in Fig. 6 provides a reasonable framework for understanding the high level of 'IR conversion'. Three alternative configurations are shown (Fig. 6A-C) . These are dictated by the attacking junction IR and the nature of the attack.
In the first configuration (Fig. 6A ) IRR attacks IRL* at a distance of 3 bp. Cleavage and transfer (arrow in I) between the donor molecule and the target end lead to a structure resembling a four-way Holliday junction (II) with a nick in one strand. Unidirectional branch migration directed by the complementarity between donor IRL and target IRL* could then occur (III). This would first require crossing a non-complementary region derived partially from the interstitial 3 bp at the IRL/IRR junction and partially by the 2 bp mutation in IRL* (II and III). The presence of IRL in the junction would therefore be essential for this activity. Branch migration could subsequently continue until a region of non-complementarity was encountered (IV). Resolution of this structure could in principal occur in one of two configurations either regenerating a transposon-like circle and a target-like molecule (not experimentally detectable in this system) or generating the IR-targeted insertion (V). Repair could occur from the single nick at various stages of the pathway. Note that the products carry a 5¢ tail of 5 bases at the transposase-generated nick. Displacement synthesis from the free 3¢ OH accompanied by 5¢-3¢ exonuclease degradation of the tail and a final ligation step followed by plasmid replication would lead directly to 'IR conversion' and generate all the observed species (ii, iii and x) (Figs 4-6 ).
In the second configuration (Fig. 6B ) attack of IRL* by IRL occurs 3 bp from IRL* (I) in a similar way to that shown in Fig. 6A . Branch migration would then generate heteroduplexes between one strand of IRR and one strand of the target IRL*. Note that these sequences are closely related (23/36 identity). In the case of species iv and viii ( Fig. 4B and D) not only was the entire 36 bp IRR replaced by the equivalent IRL* sequence, but conversion was also found to have continued for a further 14 bp. This can be simply understood if branch migration continues into the heterologous sequence after the 36 bp IRs (Fig. 6B) . Exonucleolytic degradation, repair and replication of the resulting plasmid would explain the conversion (Fig. 2) is not shown. B. Structure and sequence of six lac+ integrants.
of the heteroduplex IRR/IRL* into a homoduplex IRL*/IRL* in these species.
The events giving rise to forms v, vi, vii and ix ( Fig. 4C  and D) occur only with the IRR*/IRL donor and can be explained similarly by the third configuration (Fig. 6C) where attack of IRL* by IRL occurs at the tip of IRL*. Note that the donor IRR* should not be capable of attacking the target IRL* (I). Cleavage and transfer of the wild-type IRL copy of the junction (II), followed by branch migration (III) and resolution (IV), would generate a product that contains only a 2 bp mismatch (V). Although this type of cleavage and strand transfer is 'unconventional' it should be noted that the majority of these products are quite rare. Indeed forms v, vi, vii were obtained from the few lac + colonies in which IRR* must necessarily be located next to the target IRL*. A combination of exonucleolytic degradation, repair synthesis and replication would give rise to forms v, vii (Fig. 4C ) and to ix (Fig. 4D) . Mismatch repair of the two terminal IRL/IRL* bases directed from resident nicks (e.g. those transiently introduced by resolution of the Holliday junction) must also be invoked in these latter cases (see Modrich and Lahue, 1996) . Species vi Fig. 6 . Branch migration model for resolution of SET intermediates. IRR and IRL are shown in red and green respectively. The mutant terminal dinucleotide is shown as pale red or green boxes. The three interstitial base pairs in the IR/IR junction are indicated as grey and white circles to distinguish the DNA strands polarity. The same convention is used for the three base pairs flanking the mutant IRL* in the target, drawn as diamonds. Dotted lines: donor transposon circle; full lines: target DNA. The 3¢ ends of Tpase-mediated nicks are indicated by arrows. Those, which may exist transiently during second strand resolution, are indicated by a gap. I, synapsis and cleavage at one end and strand transfer (shown by the arrow); II, formation of a SET form between donor and target molecules; III, branch migration in the sense of the arrow creating hybrid IRL or IRL/IRR copies; IV, Holliday junction resolution indicated by thick dashed lines; V, resolved product subsequently subject to mismatch repair and replication. The lower case roman numerals below indicate the type of final product (see Fig. 4 ). The differences between A, B and C depend on the IR which attacks the target. A. IRR attacks three base pairs from the target IRL*. B. IRL attacks three base pairs from the target IRL*. This would lead to hybrid IRs in which one strand was derived from IRR and the other from IRL*. The figure shows the expected results if branch migration continued into the region of non-complementarity after the IRs. C. IRL attacks at the tip of the target IRL*.
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( Fig. 4C) could be explained by plasmid replication alone to generate a copy of the 'inner' strand while species v and ix would result from mismatch repair and replication of the 'outer' strand. Species vii could be explained by mismatch repair and replication of the 'inner' strand.
Potential host functions involved
The branched DNA of the SET products resembles a Holliday junction with a single-strand interruption at the base of the four-way junction. In E. coli Holliday junctions are processed by RuvABC (West, 1997) . RuvA and the RuvB helicase are recruited to the Holliday junction and drive branch migration (West, 1997) . Moreover, these enzymes allow branch migration to bypass much longer heterologous sequences (up to 300 bp; (Adams and West, 1996) than would be encountered here between IRL and IRR. The Holliday junction is resolved by RuvCcatalysed endonucleolytic cleavage (Bennett and West, 1996) . Another enzyme, the RecG helicase, not only catalyses formation of Holliday junctions from stalled replication forks (McGlynn and Lloyd, 2000; Singleton et al., 2001) , but also drives their branch migration prior to resolution (Sharples et al., 1994) . We propose that SET structures generated by the IS911 Tpase can be recognized and processed like Holliday junctions by one or more of these specialized recombination proteins. The nature of the host functions involved is under investigation using a more appropriate intramolecular molecular transposition system (Turlan et al., 2000) .
Effect of OrfA
IS911 transposition generally occurs in the presence of OrfA in addition to OrfAB. While the detailed role of OrfA in the overall transposition cycle is not yet entirely understood, it has been shown to form homomultimers and heteromultimers with OrfAB (Haren et al., 2000) . OrfA appears to limit transposition activity in the first stages of transposition where the IS ends must be synapsed prior to generating the transposon circle (Duval-Valentin et al., 2001; Loot et al., 2002) . On the other hand OrfA stimulates the second transposition step, insertion of transposon circles with abutted copies of IRR and IRL, both in vitro (Ton-Hoang et al., 1998) and in vivo (Ton-Hoang et al., 1997) . In previous studies, targeted insertion was estimated by the formation of lac + colonies resulting from insertion of IRR at the correct distance and in the correct orientation with respect to a target IRL to create p junc (Loot et al., 2002) . Integration of transposon circles was analysed in vitro. Addition of increasing amounts of OrfA slightly stimulated targeted insertion but stimulated non-targeted insertion to a much greater extent leading to a large decrease in the proportion of targeted events. This proportion was somewhat lower when a preparation of OrfA and OrfAB purified from cells expressing a wild-type configuration of reading frames was used in the reaction (Loot et al., 2002) .
The results obtained in vivo in a system which monitored the entire transposition cycle, from the first synapsis to the final circle integration, could be interpreted in a similar way. In a situation where OrfAB was supplied alone from the same plasmid which carries the transposon, a high percentage of integrations were found to be targeted. OrfA significantly decreased the overall transposition rate in this system to a level below the detection threshold for targeted insertions. However, although it might be rare under these conditions, targeted integration clearly does occur during a complete IS911 transposition cycle in the presence of OrfA. This is evidenced by the fact that IS911 was first isolated as an insertion next to a DNA sequence which not only resembled an IS911 end but acted as a surrogate end in transposition (Polard et al., 1992 (Polard et al., , 1994 Prere et al., 1990) . The role of OrfA in the two-step IS911 transposition pathway is at present under investigation.
Targeted insertion in other systems in vivo
One question raised by these results is whether this type of 'half' transposition reaction occurs during the normal transposition cycle of other elements. Recent in vivo results obtained with another IS3 family member, IS1397, in Yersinia pestis, revealed that insertion occurred frequently next to sequences resembling IS1397 ends (Wilde et al., 2002) . A relatively high degree of sequence conversion was associated with these insertions. This was explained by aberrant cleavage of the IR/IR junction (Wilde et al., 2002) . Similar types of conversion have also been observed for IS30 (Olasz et al., 1997) which probably shares a similar overall transposition pathway with IS911 and members of the IS3 family. These IS1397 and IS30 insertion events could equally be explained as the result of branch migration, repair and replication of SET intermediates (Olasz et al., 2003) . This might therefore represent a supplementary pathway used by IS3 family members and members of other IS families.
E. coli is frequently faced with potentially lethal lesions in its genome resulting from the formation of branched structures deriving from events such as replication fork stalling and recombination errors (Michel et al., 2000) . Efficient processes capable of maintaining chromosome integrity by resolving these structures have been described (McGlynn and Lloyd, 2002) . One-ended transposition events which generate a SET form can also be considered as an 'accident' which introduces potentially lethal chromosome damage and are processed by the host in order to finally lead to an insertion event. This may therefore represent a general pathway for rescuing transposition errors.
Experimental procedures
Bacterial strains and media E. coli protein extracts were prepared from Mi898 (Polard et al., 1996) . The bacterial strain used in all other assays was JS238 (Polard et al., 1992) . Selection was on L plates supplemented with appropriate antibiotics. Standard McConkey indicator plates were supplemented with 1% lactose and chloramphenicol.
Plasmids pBST1 (Ton-Hoang et al., 1997; Loot et al., 2002) and pCL14 (Loot et al., 2002) were used as transposition targets. pAPT99, pAPT177, pAPT178 and pCL21 were used for IS911 circle production as previously described (Ton-Hoang et al., 1998; Loot et al., 2002) . pAPT158 (OrfAB) and pAPT156 (OrfA) (Ton-Hoang et al., 1998) were used for IS911 protein production.
Gel electrophoresis and hybridization with radiolabelled probes
Reaction products were separated on 0.7% agarose gels in TAE buffer at room temperature. Oligonucleotides were radiolabelled for use in sequencing and in hybridization as described (Ton-Hoang et al., 1998) . DNA hybridization was accomplished directly in the gel (Ton-Hoang et al., 1998) .
Cell-free insertion system
Transposon circles were produced in vivo from pAPT99, pAPT177 and pAPT178, gel-purified and used in a standard reaction with purified IS911 proteins (Ton-Hoang et al., 1998) . The proteins OrfAB and OrfA were prepared as described previously (Loot et al., 2002) .
In vivo transposition assay
In vivo assay using pCL21 and pBST1 as, respectively, donor and target plasmid has been previously described (Loot et al., 2002) .
